1. Introduction
===============

Injury of the photoreceptors and retinal pigment epithelium (RPE) in macular area is very rare. Previous studies have reported that this disease is associated with photic damages due to an evident exposure history, and the damages from arc light and laser are the most serious and common.^\[[@R1],[@R2]\]^ To the best of our knowledge, no reports on neonatal retinal injuries have been published. Herein, we reported a preterm infant delivered under general anesthesia, whose optical coherence tomography (OCT) examination showed injuries of the photoreceptors and RPE in macular area. These findings have important significance for studies on retinal injuries in preterm infants and retinal development.

2. Case presentation
====================

This study was approved by the Ethics Committee of the Henan Children\'s Hospital, and informed consent was obtained from the parents of the baby. The baby was a singleton, and the second birth from the third pregnancy. The ethnicity of the baby was Han. The baby was spontaneously delivered pre-term at the gestational age of 28 weeks and 4 days, on August 25, 2018, due to premature rupture of membrane for 36 hours and oligohydramnios. The body weight of the baby at birth was 1150 g. The baby started crying at 2 minutes after delivery, with no history of asphyxia or meconium contamination of the skin. The 1, 5, and 10 minutes-Apgar scores of the baby were 7, 8, and 8, respectively. The baby was immediately admitted after delivery to the Preterm Neonatal Department of the Henan Children\'s Hospital for dyspnea for 4 hours. The systemic physical examinations showed no deformation. The mother of the baby was healthy, with no history of any drug use during the pregnancy. The mother reported no consanguineous marriage, or histories of hereditary, and congenital diseases. The baby received blue-light radiation 6 times every 2 to 3 days for neonatal hyperbilirubinemia. Five times, the radiation lasted for 12 hours, while the sixth time, the radiation lasted for 24 hours. The bilateral eyes of the baby were covered by a black eyeshade during the radiation therapy.

Fundus screening for preterm birth is routinely conducted for the baby at our hospital. The first examination was conducted at the corrected gestational age of 32 weeks and 2 days. After compound tropicamide eye drops were administered for pupil dilation, PanoCam fundus screening showed no abnormality at the anterior segment of bilateral eyes. The boundaries of the optical disks at bilateral fundus were clear, and the sizes and color were normal. The flow of the blood vessels in the I and II areas of retina were normal. The retinal blood vessel in both eyes reached the II area, while in the III area, the blood vessels did not reach the ora serrata (Fig. [1](#F1){ref-type="fig"}A and B). Re-examination was conducted every 2 to 3 weeks until the corrected gestational age was 40 weeks and 4 days. The RetCam fundus screening showed no abnormalities at the anterior segment of bilateral eyes. The boundaries of the optical disks at bilateral fundus were clear, and the sizes and color were normal. The flow of the blood vessels in the I and II areas of retina were normal. In the II to III areas at the temporal side of bilateral eyes, 3 to 4 separation lines were found. White punctate lesions were found in the macular area of the right and sub-temporal macular area of the left eye, and the local pigments were uneven (Fig. [1](#F1){ref-type="fig"}C and D). The baby was re-examined every 2 to 3 weeks. The RetCam fundus screening after 1 month showed no abnormalities in the I area of bilateral eyes. The macular structure was normal, blood vessels in the II area were circuitous, while 3 to 4 ridges were found in the temporal side close to the III area of the right eye, with exudation anterior to the rigids, and a non-blood vessel area posterior to the rigids. Two separation lines were found in the super-temporal area of the left eye, with some blood vessels passing through the separation lines. The pigments in the macular area were uneven in the right eye, and a macular hole was suspected in this area. Then, OCT and fundus fluorescein angiography were conducted under general anesthesia (Fig. [1](#F1){ref-type="fig"}E and F). OCT showed interrupted signals in the external limiting membrane (ELM), IS/OS layer, interdigitation zone (IZ), and RPE of the central fovea of macula of the right eye, with the area of defect of approximately 184 μm. Enhanced signal reflection was found under the defect area (Fig. [1](#F1){ref-type="fig"}G). Interrupted signals were also found in the IS/OS layer of the central fovea of macula of the left eye, with the area of defect of approximately 222 μm. FFA examination showed transmitted fluorescence at the macular area of the right eye and sub-temporal macular area of the left eye. The intensity of fluorescence gradually increased with time, while the shapes remained unchanged. Increased number of peripheral capillaries were observed in the right retina, which was circuitous with uneven thickness, and showed a broom-shaped distribution. The peripheral blood vessels were linked to each other and formed a circuit. Hyperplasia of the fibrous tissues was found at the boundaries of the lesions, which showed ridge-shaped changes with fluorescein staining. Neovascular fibroplasia membrane was found anterior to the ridge, which was accompanied by large amount of transmitted fluorescence, while the boundary between the ridge and distal non-blood vessel area was clear (Fig. [1](#F1){ref-type="fig"}I and K). The number of peripheral capillaries in the left eye was increased, which showed the shape of parallel brush. Increased permeability of the capillaries was found, and a small amount of transmitted fluorescence was found at late stage. The boundary between the lesion and distal non-blood vessel area was clear (Fig. [1](#F1){ref-type="fig"}J and L). These findings suggested the following: injuries of photoreceptor layer in the macular area of bilateral eyes; and retinopathy of prematurity in bilateral eyes. Electrophysiological examination of the visual evoked potential (VEP) showed delayed latency of P~2~ waves in bilateral eyes, while ERG showed decreased amplitudes of all the reactions. After vitamin B, lutein, and vitamin AE treatments were administered, OCT after 2 months showed no significant changes in the lesions at the central fovea of macula.

![A: Fundus photography of the right eye after the first pupil dilation (corrected gestational age of 32 weeks and 2 days). B: Fundus photography of the left eye after the first pupil dilation (corrected gestational age of 32 weeks and 2 days). C: Fundus photography of the right eye after pupil dilation (corrected gestational age of 40 weeks and 4 days). D: Fundus photography of the left eye after pupil dilation (corrected gestational age of 40 weeks and 4 days). E: Fundus photography of the right eye after pupil dilation (corrected gestational age of 45 weeks and 2 days). F: Fundus photography of the right eye after pupil dilation (corrected gestational age of 45 weeks and 2 days). G: OCT image of the macular area of right eye. H: OCT image of the macular area of left eye. I and K: FFA images in the venous phase of the right eye. J and L: FFA images in the venous phase of the left eye. Arrows show the lesions. FFA = fundus fluorescence angiography, OCT = optical coherence tomography.](medi-99-e21096-g001){#F1}

3. Discussion
=============

According to the "Guidelines for the Screening Examination of Premature Infants for Retinopathy of Prematurity in China" published in 2004 and 2014, our hospital will conduct fundus screening for preterm and low-birthweight infants with a birth weight of \<2000 g or a gestational age of \<32 weeks and follow up to vascularization of the peripheral retina.^\[[@R3],[@R4]\]^ Since 2009, we started using indirect ophthalmoscopy to perform fundus screening for preterm infants who meet the guidelines. Since 2011, we began to use Retcam3 with indirect ophthalmoscopy for fundus screening of preterm infants. In 2012, our hospital was approved as "Zhengzhou Premature Retinopathy Screening Center." In 2015, the use of Panocam (Vianas Medical Devices Co., Ltd., PNLT-10-10-22) was increased, and we also purchased the children\'s fundus angiography system (Retcam3 system configuration), horizontal OCT (Clinico Medical Instrument Technology Co., Ltd, iVue100). Under general anesthesia, fundus angiography is performed for children who have difficulties to cooperate with the examination.

Previous studies indicated that several factors could cause injuries of the macular photoreceptor layer as follows: photic damage, including damages caused by sunlight, arc light from welding, laser, ultraviolet radiation in plateau areas, LED light, and operation microscope^\[[@R5]--[@R10]\]^; history of ocular disease or systemic diseases, including high myopia, post-central serous chorioretinopathy, glaucoma, and diabetes^\[[@R11]\]^; cranial or ocular trauma^\[[@R12],[@R13]\]^; and hyperpyrexia.^\[[@R14]\]^ Although we considered that congenital hypoplasia could induce such a disorder, there are no reports supporting this hypothesis. In addition, we had never found similar cases in the medical records of the patients who received fundus screening in \>10 years at our hospital.

The baby in this report had lesions in bilateral eyes. OCT showed that the lesions were at the ELM, IS/OS layer, IZ, and RPE of the central fovea of macula of the right eye. In addition, IS/OS layer disruption was found in the left eye. FFA showed transmitted fluorescence at the macular area of the right eye and sub-temporal macular area of the left eye. The locations of the lesions shown in OCT and FFA in the right eye were identical; however, for the left eye, FFA showed that the lesion was at the sub-temporal macular area, while OCT scanning was relatively difficult after general anesthesia. Thus, we suspected that the transmitted fluorescence at the sub-temporal macular area of the left eye could be the RPE injuries. After reviewing the images of the first fundus photography that showed no sign of round yellow-white lesion; however, uneven pigments at the macular area were found in bilateral eyes. In addition, the pigments at the macular area were more uneven after 2 months.

The baby\'s family reported no history of irradiation exposure during the pregnancy, as well as no histories of hyperpyrexia and trauma after delivery. The baby was spontaneously delivered, and the birth process was smooth, with no history of birth injury or use of obstetric forceps. However, the baby received radiation from blue-light, Retcam, and Panocam. Both eyes of the baby were covered by black eyeshade during the blue-light radiation. For the Retcam, halogen light source with constant brightness was used, and the emission spectrum of the light was 300 to 1100 nm. While for the Panocam, LED solid state light source was used, and the emission spectrum of the light was 400 to 800 nm. Retinal injuries caused by Retcam or Panocam have not been previously reported. However, the blue-light from the LED lights, cell phones, LED screens of computers, which are very commonly used in daily lives, could increase the free radicals in the retina, and thus induce retinal oxidative stress and oxidative damages. Lin et al^\[[@R15]\]^ investigated the photic damage caused by the radiation from laser pointer, and found that the disruptions of MZ, ellipsoid zone (EZ), and IZ were irreversible, and these tissues lacked the capability to regenerate, which were in agreement with our findings.

Tran-Viet et al^\[[@R16]\]^ used handheld OCT to scan the macula of babies with ROP or hypoxic-ischemic encephalopathy (HIE), and found that such babies (with the corrected gestational ages of 35--42 weeks) had cystoid macular edema and underdeveloped macular photoreceptor layer, and the range of lesions was relatively large. In contrast, the lesion of the baby in this report was restricted at the local area; however, several different tissues were involved, such as the absence of photoreceptor layer, and lesions of the ELM, IZ, and RPE.

Macular hole refers to the complete or partial absence of the tissues from the retinal inner limiting membrane to photoreceptor layer, and the ocular fundus shows an oval hole with sharp margin. The size of the hole varies in different cases. Macular hole is mainly idiopathic, which is associated with the traction of macula by vitreous body, or with trauma in some rare cases. Macular hole is occasionally accompanied by the absence of IS/OS layer of the central fovea of macula, and the patients could not achieve complete recovery after the hole is sealed by operation.^\[[@R10],[@R17],[@R18]\]^

Diseases of retinal degeneration or hereditary metabolic retinal malnutrition, such as abetalipoproteinemia, could induce injuries of photoreceptors and pigment epithelium.^\[[@R19]\]^ For instance, in the early stage of vitelliform macular dystrophy (Best disease), the macular area is relatively normal, or with mottling pigment disorder and abnormal EOG, while OCT could identify restricted local discontinuity of the IS/OS layer and high-reflection non-cellular dense substances. While in the late stage, vitelline-like deposition could be found in the macular area, which could degrade to an appearance of fried egg.^\[[@R20],[@R21]\]^ Cone dystrophy is a hereditary retinal degeneration with the involvement of the functions of cone cells. The fundus screening could show round or bull\'s eye-shaped degradation in the macular area, while FFA could show transmitted fluorescence or bull\'s eye-shaped hyper-fluorescence in the macular area. The characterized manifestations include near disappearance of ERG of cone cell response, while ERG of light adaptation is normal.^\[[@R11],[@R22]\]^ The baby in this report had no traction of macula by vitreous body, underlying diseases, or history of trauma, while the lesion was restricted, with no macular hole. Interlayer scanning of the retina did not show high-reflection dense substances, and no vitelline-like deposition was found in the late stage. The amplitudes of all the ERG responses decreased but did not disappear, which were inconsistent with the pathogenesis of Best disease or cone dystrophy.

Previous studies have reported that 48.0% of the cases with no macular IS/OS layer are due to unknown causes.^\[[@R7]\]^ Therefore, we could not rule out the possibility of retinal dysplasia in this baby. Several factors are reported to induce macular photoreceptor layer injuries. However, the baby in this report had no evident causes of photoreceptor and pigment epithelium injuries. In addition, the characteristics of the baby were also different from previous cases. For instance, a preterm infant has underdeveloped functions of the organs and systems, along with vitamin deficiencies, especially vitamin A, which is responsible for maintaining normal visual functions, and vitamin E, which plays an important role in anti-oxidation. A preterm infant is more susceptible to external physical and chemical factors. Thus, the retinopathy in bilateral eyes of the baby could be caused by various factors or retinal dysplasia. The patient in this case report was a preterm infant, and no similar cases have been reported to date. Therefore, this is the first report of retinal injury in a preterm infant, which could have profound significance in preventing retinal injuries in preterm infants, as well as in the studies on retinal development. As the age of this infant is extremely young, no follow-up data are available yet. We will continue to contact the patient for further follow-up.
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